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(57) ABSTRACT

The present invention provides a methodology that can
develop a more excellent anti-cancer drug than conventional
ones for various cancers. Specifically, the present invention
provides a method for establishing an artificial cell, compris-
ing treating a cancer cell with an expression vector for a
foreign oncogene and then culturing the cancer cell treated
with the expression vector under a condition which inhibits an
expression or function of an oncogene that is inherent to the
cancer cell, and an established artificial cell; a method of
screening an anti-cancer drug, comprising evaluating
whether or not a test substance inhibits a proliferation of the
artificial cell; as well as a method for identifying an oncogene,
comprising treating a cancer cell with an expression vector
for a test gene and then culturing the cancer cell treated with
the expression vector under a condition which inhibits an
expression or function of an oncogene that is inherent to the
cancer cell.

10 Claims, 7 Drawing Sheets
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METHOD FOR IDENTIFYING ONCOGENE,
METHOD FOR ESTABLISHING
ONCOGENE-EXPRESSING CELL, AND
METHOD OF SCREENING ONCOGENE
TARGETING DRUG

TECHNICAL FIELD

The present invention relates to a method for identifying an
oncogene, a method for establishing an oncogene-expressing
cell, and a method of screening an oncogene targeting drug.

BACKGROUND ART

Currently, anti-cancer drugs are actively researched and
developed. Effective techniques for research and develop-
ment of the anti-cancer drugs may include (1) identification
of'an oncogene, (2) establishment of an oncogene-expressing
cell, and (3) screening for an oncogene targeting drug.

(1) Identification of Oncogene

Anti-tumor effects of molecular targeting drugs that targets
a particular oncogene (e.g., gefitinib) have attract attention,
and the molecular targeting drugs having the anti-tumor
effect have been developed. A method for identifying an
oncogene that is promising as a novel molecule to be targeted
is utilized in the development of such molecular targeting
drugs. An example of such a method for identifying the onco-
gene is amethod in which a gene library anticipated to include
an oncogene is introduced into a cell and a gene introduced
into the cell, which exhibits a transformation capacity, is
selected as the oncogene (hereinafter a conventional identifi-
cation method 1). For example, Non-patent Literature 1 dis-
closes that a novel oncogene EML4-ALK was found by a
transformation experiment utilizing a murine 313 cell (non-
cancer cell).

Another example of the method for identifying the onco-
gene is a method in which gene expression is entirely ana-
lyzed between cancer cell or cancer tissue samples and nor-
mal cell or normal tissue samples using DNA chips or two
dimensional electrophoresis and the oncogene is selected
from the genes, expressions of which are different between
the samples (hereinafter, conventional identification method
2).

(2) Establishment of Oncogene-Expressing Cell

A method for establishing an oncogene-expressing cell
may include a method of isolating a cell line naturally
expressing an oncogene from a subject as well as a method of
introducing an oncogene together with a drug resistant gene
(e.g., G418 resistant gene) into a cell and then selecting the
cell carrying the oncogene using the drug (e.g., G418).

Patent Document 1 discloses that a cell line capable of
proliferating in the presence of a ligand or a ligand-like sub-
stance and a drug corresponding to a drug resistant gene can
be established by introducing a ligand receptor gene and the
drug resistant gene into a cytokine dependent cell line (non-
cancer cell), although the establishment of the oncogene-
expressing cell is not focused.

(3) Screening for Oncogene Targeting Drug

An example of a method for screening an oncogene target-
ing drug using a cell is a method of using a cancer cell line
naturally expressing an oncogene (hereinafter, conventional
screening method 1).

Another example of the method for screening the oncogene
targeting drug using the cell is a method of using a cell in
which an oncogene has been introduced (hereinafter, conven-
tional screening method 2). For example, Non-patent Litera-
ture 1 discloses thatthe EML4-ALK gene was introduced into

10

15

20

25

30

35

40

45

50

55

60

65

2

amurine I[.-3 dependent cell line (non-cancer cell line, Ba/F3
cell line) and effects of a molecular targeting drug that tar-
geted the EMI4-ALK gene was verified.

Patent Document 1 discloses that the ligand or the ligand-
like substance can be screened by using the aforementioned
cell line derived from the cytokine dependent cell line (non-
cancer cell line), although the screening for the oncogene
targeting drug is not focused.

PRIOR ART LITERATURE
Patent Literature

Patent Document 1: International Publication WO2003/
012087

Non-Patent Literature

Non-patent Literature 1: Nature, vol. 448, p. 561-566 (2007).

SUMMARY OF INVENTION
Problem to be Solved by the Invention

However, the conventional techniques have the following
problematic points when utilized in the research and devel-
opment of the anti-cancer drugs.

(1) Identification of Oncogene

The conventional identification method 1 is carried out by
directly examining a transformation capacity as an oncogene.
Thus, it is highly likely that a gene identified by this method
is an oncogene. However, this method is problematic in prac-
tical application and general versatility to human. Only fibro-
blast derived from a rodent animal is generally used as a
normal cultured cell used in this method. No experimental
method using a cell derived from a human and a cancer cell,
or an epithelial cell and a blood cell that is an origin of many
cancers is established. It is also difficult that the fibroblast
derived from the rodent animal, which is used for the conven-
tional identification method 1, is passaged for a long period of
time with keeping an original nature. Such a fibroblast also
has a risk that naturally occurring transformation during the
passage makes it difficult to identify an objective oncogene.

The conventional identification method 2 is problematic in
that many genes which are induced or suppressed by the
expression of the oncogene are selected as candidate genes in
addition to the oncogene. The conventional identification
method 2 also requires to further analyze many candidate
genes in detail for the purpose of finally identifying the onco-
gene from the selected many candidate genes.

(2) Establishment of Oncogene-Expressing Cell Line

The conventional establishment methods are inefficient
because the oncogene can not be introduced into the cancer
cell in many cases and the once introduced oncogene can be
deleted via the passage.

(3) Screening for Oncogene Targeting Drug

The conventional screening method 1 can be carried out
when a particular cancer cell line that naturally expresses a
particular oncogene is available. However, it is difficult to
obtain various cancer cell lines that naturally express any
oncogene. Thus, it is not practically possible to screen target-
ing drugs for any oncogene.

The conventional screening method 2 can verify the effect
of an inhibitor of the known oncogene using a cultured cell
line usually used. However, this method is also problematic in
identification of the oncogene and establishment of the onco-
gene-expressing cell line as described above. Thus, it is still
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difficult to efficiently verify the effect of the inhibitors of
various oncogenes using various cultured cell lines (e.g.,
human cells, cancer cells).

Therefore, it is an object of the present invention to provide
novel methodologies capable of solving these problematic
points in the identification of the oncogene, the establishment
of'the oncogene-expressing cell line, and the screening for the
oncogene targeting drug.

Means for Solving Problem

Oncogene addiction or addition refers to a state where a
cancer cell proliferates depending on a particular gene. It is
known that the proliferation of the cancer cell which prolif-
erates depending on the particular gene can be inhibited by
treating such cancer cell with an inhibitor of such a gene.

As aresult of an extensive study, the present inventors have
found that dependence on a particular oncogene in a cancer
cell can be replaced by introducing another oncogene. The
present inventors also have found based on this finding that an
artificial cell which proliferates selectively is obtained by a
methodology of treating a cancer cell with an expression
vector for a foreign oncogene and then culturing the cancer
cell treated with the expression vector under a condition
which inhibits an expression or a function of an oncogene
which is inherent to the cancer cell, and that this selectively
proliferating artificial cell can be used as a cancer cell model.
The present inventors also have found that an oncogene can
be identified by utilizing this methodology and that an anti-
cancer drug can be developed by utilizing the selectively
proliferating cancer cell obtained by this methodology, and
completed the present invention. Patent Document 1 and
Non-patent Literature 1 neither describe nor suggest that the
cancer cell is utilized as the cell for introducing the oncogene
and the cancer cell in which the oncogene has been introduced
is selected by culturing the cell under the condition which
inhibits the oncogene which is inherent to the cancer cell.

Accordingly, the present invension is as follows:

[1] An artificial cell having the following properties (a) and
(b):

(a) the cell is derived from a cancer cell; and

(b) the cell expresses a foreign oncogene, and has an ability to
proliferate depending on the foreign oncogene.

[2] The artificial cell of [1], further having the following
property (c):

(c) which retains an ability to express an oncogene that is
inherent to said cancer cell, and an ability to proliferate
depending on the inherent oncogene.

[3] The artificial cell of [1] or [2], wherein the artificial cell is
a cell line.

[4] The artificial cell of any one of [1]-[3], wherein the arti-
ficial cell is derived from human.

[5] The artificial cell of any one of [1]-[4], wherein the arti-
ficial cell is an adherent cell.

[6] The artificial cell of any one of [1]-[5], wherein the arti-
ficial cell is derived from a lung.

[7] The artificial cell of any one of [2]-[ 6], wherein the inher-
ent oncogene is an inherent tyrosine kinase gene.

[8] The artificial cell of [7], wherein the inherent tyrosine
kinase gene is a mutated EGFR gene.

[9] The artificial cell of any one of [ 1]-[8], wherein the foreign
oncogene is a foreign tyrosine kinase gene.

[10] The artificial cell of [9], wherein the foreign tyrosine
kinase gene is an EML4-ALK gene.

[11] A method for establishing an artificial cell, comprising
the following steps (a) to (c):
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(a) astep of treating a cancer cell with an expression vector for
a foreign oncogene;

(b) a step of culturing the cancer cell treated with said expres-
sion vector under a condition which inhibits an expression or
function of an oncogene that is inherent to said cancer cell;
and

(c) a step of obtaining a cancer cell which proliferates in step
(b), as an artificial cell which expresses a foreign oncogene,
and has an ability to proliferate depending on the foreign
oncogene.

[12] The method of [11], further comprising the following
step (d):

(d) a step of cloning the artificial cell obtained in the step (c).
[13] A method of screening a substance having an anti-cancer
activity, comprising the following steps (a) and (b):

(a) a step of evaluating whether or not a test substance inhibits
aproliferation of the artificial cell of any one of [1]-[10]; and
(b) a step of selecting a test substance that inhibits the prolif-
eration of the artificial cell as the substance having the anti-
cancer activity.

[14] The method of [13], wherein the step (a) is carried out
under a condition that inhibits an expression or function of the
inherent oncogene.

[15] A method for identifying an oncogene, comprising the
following steps (a) to (c):

(a) astep of treating a cancer cell with an expression vector for
a test gene;

(b) a step of culturing the cancer cell treated with said expres-
sion vector under a condition which inhibits an expression or
function of an oncogene that is inherent to said cancer cell;
and

(c) a step of confirming whether or not the cancer cell cultured
in the step (b) proliferates depending on the test gene.

[16] The method of [15], wherein the test gene is a single
gene.

[17] The method of [15], wherein the test gene is a plurality of
genes, and the method further comprises the following steps:
(d) a step of cloning an cancer cell that proliferates in the step
(c); and

(e) a step of identifying a test gene that is introduced into the
cloned cancer cell as an the oncogene.

[18] The method of [15], wherein the test gene is a plurality of
genes, and the method further comprises the following steps:
(f) a step of obtaining a test gene that is introduced into the
cancer cell that proliferates in the step (¢) from the cancer cell;
and

(g) a step of cloning the obtained test gene for identifying the
obtained test gene as an the oncogene.

Effect of the Invention

The artificial cell of the present invention enables to, for
example, develop an excellent anti-cancer drug for various
cancers.

The establishment method of the present invention is
excellent in, for example efficiency for establishing the cell
expressing the foreign oncogene.

The screening method of the present invention enables to,
for example, develop the anti-cancer drug using any cancer
cell expressing any oncogene.

The identification method of the present invention is excel-
lent in, for example, sensitivity and accuracy in oncogene
identification because its methodology is the same as in the
establishment method of the present invention that is excel-
lent in efficiency for establishing the cell expressing the for-
eign oncogene.
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These methods of the present invention also have the
advantage that they can be performed by convenient and
routine techniques using cultured cells (e.g., cancer cell lines)
usually used.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing an expression of an EML4-ALK
variant 3a protein in PC-9 cells transfected with an EML4-
ALK variant 3a gene and proliferated in G418-containing
medium (G418) or gefitinib-containing medium (Gefitinib);

FIG. 2 is a view showing the expression of an EML4-ALK
variant 3a protein in 10 clones from PC-9 cells transfected
with an EML4-ALK variant 3a gene and selectively prolifer-
ated in gefitinib-containing medium;

FIG. 3 is a view showing the expression of an EML4-ALK
variant 3a protein or an EML4-ALK variant 1 protein in PC-9
cells transfected with an EML4-AILK variant 3a gene (PC-9-
EMLA4-AlLKvar3a), PC-9 cells transfected with an EMIL4-
ALK variant 1 gene (PC-9-EML4-AlKvarl), and HCC827
cells transfected with the EML4-ALK variant 3a gene
(HCC827-EML4-AlKvar3a), which were proliferated in
gefitinib-containing medium;

FIG. 4 is a view showing the expression of a PDGFRa
V561D protein in PC-9 cells transfected with a PDGFRa
V561D gene and proliferated in gefitinib-containing
medium;

FIG. 5 is a view showing a proliferation percentage (%) of
PC-9 cells or PC-9 cells transfected with the PDGFRa
V561D gene in the presence of gefitinib at various concen-
trations;

FIG. 6 is a view showing a proliferation percentage (%) of
PC-9 cells transtected with the PDGFRa V561D gene in the
presence of a PDGFRa inhibitor, imatinib at various concen-
trations (in the presence or absence of 1 pM gefitinib); and

FIG. 7 is a view showing agarose gel electrophoresis of
novel oncogene candidates capable of complementing
mutated EGFR dependent proliferation of PC-9 cells.

BEST MODES FOR CARRYING OUT THE
INVENTION

(1. Artificial Cell)

The present invention provides a particular artificial cell.
The term “artificial cell” as used herein means an artificially
produced cell.

The artificial cell of the present invention may be an iso-
lated or purified cell. The cell can be isolated or purified by a
publicly known method such as FACS.

The artificial cell of the present invention can be derived
from a cancer cell. Therefore, the artificial cell of the present
invention can take over cytological properties possessed by
the cancer cell. For example, when the cancer cell is a human
cell, the artificial cell of the present invention can be the
human cell. When the cancer cell is a lung cell, the artificial
cell of the present invention can be the lung cell.

The term “cancer cell” as used herein means a tumor cell
having an ability to proliferate depending on a particular
oncogene expressed in the cancer cell. The cancer cell may
include a primary cultured cell, a cell line, or a cancer stem
cell.

As used herein, the “dependence (depending)” concerning
the proliferation of the cell refers to the state of the oncogene
addiction or the addiction, where the cell proliferates depend-
ing on the particular oncogene. Whether or not the cell pro-
liferates depending on the particular oncogene can be con-
firmed by treating the cell with an inhibitor of the particular
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oncogene and then evaluating a proliferation ability of the
treated cell. The proliferation ability can be evaluated by, for
example, an MTT assay or an MTS assay. It is known that cell
death due to apoptosis can be induced, when the cell in the
oncogene addiction for the particular oncogene is treated with
the inhibitor of such an oncogene. Therefore, the oncogene
addiction in the cell for the particular oncogene may be con-
firmed by evaluating whether or not the apoptosis can be
induced by inhibition of the oncogene. The induction of the
apoptosis can be evaluated by, for example, a TUNEL assay,
detection of active caspase, or detection of annexin V.

The cancer cell can be derived from any tissues. Examples
of such a tissue may include respiratory tissues (e.g., lung,
trachea, bronchi, pharynx, nasal cavity, paranasal cavity),
gastrointestinal tissues (e.g., stomach, small intestine, large
intestine, rectum), pancreas, kidney, liver, thymus, spleen,
heart, thyroid, adrenal, prostate, ovary, uterus, brain, skin, and
a blood tissue (e.g., bone marrow, peripheral blood). In
another viewpoint, the cancer cell can be an adherent cell or a
non-adherent cell (i.e., a blood cell), and the adherent cell is
preferable. In still another viewpoint, the cancer cell can be a
cell present in the above tissues or tissues other than the above
tissues. Examples of such a cell may include a gland cell (e.g.,
gland cell (adenocyte) in lung, mammary gland cell), an
epithelial cell, an endothelial cell, an epidermal cell, an inter-
stitial cell, a fibroblast, an adipocyte, a mesangium cell, a
pancreatic [ cell, anerve cell, a glia cell, and a blood cell. The
cancer cell is preferably a lung adenocarcinoma cell.

The term “cancer” as used herein refers to any malignant
tumor in the aforementioned tissue and cell type. Examples of
the cancer may include a cancer which can be caused by an
abnormal adherent cell, and a cancer which can be caused by
an abnormal blood cell (e.g., leukemia, lymphoma, multiple
myeloma), and the cancer caused by the abnormal adherent
cell is preferable. Specifically, examples of the cancer which
can be caused by the abnormal adherent cell may include a
lung cancer (e.g. squamous cell carcinoma, non-small cell
carcinoma such as adenocarcinoma and large cell carcinoma,
and small cell carcinoma), a gastrointestinal cancer (e.g.,
stomach cancer, small intestine cancer, large intestine cancer,
rectal cancer), a pancreatic cancer, a renal cancer, a hepatic
cancer, a thymic cancer, a spleen cancer, a thyroid cancer, an
adrenal cancer, a prostate cancer, an urinary bladder cancer,
an ovarian cancer, an uterus cancer (e.g., endometrial carci-
noma, cervical cancer), a bone cancer, a skin cancer, a brain
tumor, a sarcoma, a melanoma, a blastoma (e.g., neuroblas-
toma), an adenocarcinoma, a planocellular cancer, a solid
cancer, an epithelial cancer, and a mesothelioma. The “can-
cer” in cancer-related terms such as terms “cancer cell” and
“cancer gene (oncogene)” can also mean the same meaning.

The cancer cell can be derived from any mammalian spe-
cies. Such a mammalian species may include, for example,
humans, monkeys, cattle, swines, mice, rats, guinea pigs,
hamsters, and rabbits. The mammalian species is preferably
the human in terms of clinical application. Therefore, the
cancer cell may be a cancer cell isolated from a patient with
cancer or a cancer cell derived therefrom.

The cancer cell may be a cell not infected with virus or a
cell infected with virus. Examples of a carcinogenic virus
capable of infecting the cell may include Epstein Barr virus,
hepatitis virus, human papilloma virus, human T cell leuke-
mia virus, and Kaposi sarcoma-associated herpes virus. The
cancer cell may also be a cancer cell derived from an embry-
onic stem cell, a somatic stem cell, or an artificial stem cell
(e.g., iPS cell) produced from a normal cell.

The cancer cell from which the artificial cell of the present
invention is derived can express an inherent oncogene. As
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used herein, the term “inherent oncogene” means an onco-
gene responsible for proliferation of the cancer cell, which is
expressed by the cancer cell that can be used as a material in
the establishment of the artificial cell of the present invention.
The oncogene can be a gene that is overexpressed in the
cancer cell (e.g., overexpression due to increase of copy num-
ber of the gene) and transmits a signal for proliferation exces-
sively, or a gene that a mutation occurs which continuously
transmit a proliferation signal in the cancer cell. Examples of
the mutation may include point mutation (e.g., substitution),
deletion, addition, insertion, and mutation causing a fusion
(e.g., inversion, translocation). As used herein, the term
“gene” may intend to be a mutated gene.

The term “inherent” as used herein means a concept
opposed to the term “foreign”. Therefore, when a gene is
introduced into a cancer cell in a process of establishing the
artificial cell of the present invention using the cancer cell as
a material, the gene is foreign for the cancer cell. Meanwhile,
a gene possessed by the cancer cell which can be used as the
material in the process for establishing the artificial cell of the
present invention is meant to be inherent to the cancer cell
even if the gene is introduced or mutated in a process for
establishing the cancer cell.

Examples of the inherent oncogene may include onco-
genes derived from the mammalian or the virus. Examples of
the mammalian species may include humans, monkeys,
cattle, swines, mice, rats, guinea pigs, hamsters, and rabbits.
The mammalian species is preferably the human in terms of
clinical application. Examples of the virus may include
Epstein Barr virus, hepatitis virus, human papilloma virus,
human T cell leukemia virus, and Kaposi sarcoma-associated
herpes virus.

Examples of the inherent oncogene may include genes for
kinase such as tyrosine kinase (receptor type, and non-recep-
tor type) and serine/threonine kinase, small G-proteins, and
transcription factors, and the tyrosine kinase gene is prefer-
able. Examples of the tyrosine kinase which can play a role in
proliferation of the cancer cell may include molecules
belonging to an epidermal growth factor receptor (EGFR)
family (e.g., EGFR, HER2, HER3, HERO), molecules
belonging to platelet derived growth factor receptor
(PDGFR) family (e.g., PDGFRa, PDGFRp), an anaplastic
lymphoma kinase (ALK), a hepatocyte growth factor recep-
tor (c-MET), and a stem cell factor receptor (c-KIT).

In one embodiment, the inherent oncogene can be an onco-
gene capable of transmitting a proliferation signal in a sig-
naling pathway of the molecules belonging to the EGFR
family (e.g., EGFR, HER2, HER3, HER4). Examples of such
an oncogene may include EGFR, HER2, HER3, HER4, RAS,
RAF, MYC, AKT, MAP kinase, PI3 kinase, and PKC genes.

In another embodiment, the inherent oncogene can be an
oncogene capable of transmitting a proliferation signal in a
signaling pathway of the molecules belonging to PDGFR
family (e.g., PDGFRa, PDGFRp). Examples of such an
oncogene may include PDGFRa, PDGFRf, RAS, RAF,
MYC, AKT, MAP kinase, PI3 kinase, and PKC genes.

In still another embodiment, the inherent oncogene can be
an oncogene capable of transmitting a proliferation signal in
a signaling pathway of the ALK gene (e.g., mutated ALK
gene described later). Examples of such an oncogene may
include RAS, MAP kinase, AKT, PI3 kinase, and STATS
genes.

The inherent oncogene may be an oncogene of types
described in the foreign oncogene described later.

The cancer cell from which the artificial cell of the present
invention is derived can have an ability to proliferate depend-
ing on an(the) inherent oncogene. As used herein, the term
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“ability to proliferate depending on the inherent oncogene”
means that the cancer cell expressing the inherent oncogene
can proliferate by the proliferation signal due to the inherent
oncogene. Therefore, the cancer cell expressing the inherent
oncogene can not proliferate depending on the inherent onco-
gene when the expression or function of the inherent onco-
gene is inhibited. Whether or not the cancer cell proliferates
depending on the inherent oncogene can be confirmed by
evaluating whether or not a proliferation ability of the cancer
cell can be reduced under a condition which inhibits the
expression or function of the inherent oncogene (e.g., in the
presence of the inhibitor of the inherent oncogene).

The inhibition of the function of the inherent oncogene in
the cancer cell can be accomplished by, for example, the
inhibitor or gene disruption of the inherent oncogene. As used
herein, the term “inhibitor of an(the) inherent oncogene”
means a substance capable of inhibiting the proliferation of
the cancer cell by inhibiting an expression or function of
mRNA or a protein from the aforementioned inherent onco-
gene.

In one embodiment, examples of the inhibitor of the inher-
ent oncogene may include antisense nucleic acids for mRNA
expressed from the inherent oncogene (e.g., DNA, RNA, and
artificial nucleic acids such as PNA), RNA interference
inducible nucleic acids (e.g., siRNA: either double stranded
RNA or single stranded RNA having a stem loop structure)
and aptamers, and antibodies against the protein expressed
from the inherent oncogene (e.g., polyclonal antibodies,
monoclonal antibodies, chimera antibodies, humanized anti-
bodies, human antibodies, single stranded antibodies such as
scFv), and expression vectors therefor. The inhibitor of the
inherent oncogene can be a small compound. The inhibitor of
the inherent oncogene may also be a substance that inhibits
cell proliferation by cell death due to apoptosis. The disrup-
tion of the inherent oncogene can be carried out by a targeting
vector for the inherent oncogene. Those skilled in the art can
easily make such an inhibitor and disrupt the gene by obtain-
ing information of the target gene (e.g., sequence informa-
tion).

In another embodiment, the inhibitor of the inherent onco-
gene is a molecular targeting drug that targets the oncogene.
Examples of the molecular targeting drug are known for the
followings:

1) Gefitinib, erlotinib, and cetuximab for the epidermal
growth factor receptor (EGFR);

2) Trastuzmab for HER2

3) Imatinib for BCR-ABL fusion protein, ¢-KIT, and PDG-
FRa;

4) PHA-66575 and SU-11274 for c-MET (see, e.g., Science
(2007): vol. 316, p. 1039-1043; and Cancer Research (2005):
vol. 65, p. 1479-1488); and

5)NVP-TAE684 and PF-02341066 for ALK (see, e.g., PNAS
(2007): vol. 104, p. 270-275; and Molecular Cancer Therapy
(2007): vol. 6, p. 3314-3322).

The cancer cell from which the artificial cell of the present
invention is derived is preferably a cancer cell that expresses
an oncogene which can be targeted by an existing molecular
targeting drug as the inherent oncogene because the artificial
cell of the present invention is easily established by utilizing
the existing cancer cell and the existing molecular targeting
drug. Examples of such a cancer cell may include an EGFR
gene expressing cell, an HER2 gene expressing cell, a BCR/
ABL fusion gene expressing cell, an EML4-ALK gene
expressing cell, a PDGFRa gene expressing cell, and a
c-MET gene expressing cell. Examples of the EGFR gene
expressing cell may include PC-9 cell (derived from human
non-small cell lung cancer), HCC827 cell (derived from
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human non-small cell lung cancer), and HCC4006 cell (de-
rived from human non-small cell lung cancer). Examples of
the HER2 gene expressing cell may include NCI-H2170 (de-
rived from human non-small cell lung cancer), BT474 (de-
rived from human breast cancer), HCC1419 (derived from
human breast cancer), and MDA-MB-361 (derived from
human breast cancer). Examples of the BCR/ABL fusion
gene expressing cell may include K562 (derived from human
leukemia), KCL22 (derived from human leukemia), KU812
(derived from human leukemia), and AR230 (derived from
human leukemia). Examples of the PDGFRa gene express-
ing cell may include NCI-H1703 (derived from human non-
small cell lung cancer). Examples of the EML4-ALK gene
expressing cell may include NCI-H2228 (derived from
human non-small cell lung cancer), NCI-H3122 (derived
from human non-small cell lung cancer), and DFC1032 (de-
rived from human non-small cell lung cancer). Examples of
the ¢-MET gene expressing cell may include NCI-H1993
(derived from human non-small cell lung cancer), NCI-H820
(derived from human non-small cell lung cancer), and
MKN45 (derived from human stomach cancer).

The artificial cell of the present invention can also express
a foreign oncogene. As used herein, the term “foreign onco-
gene” means an oncogene that is introduced into the cancer
cell in the process for establishing the artificial cell of the
present invention using the aforementioned cancer cell as the
material. The kind of the foreign oncogene is an oncogene
different from that of the inherent oncogene. The foreign
oncogene may be a single gene or a plurality of genes. As used
herein, the term “foreign” means the concept opposed to the
term “inherent” as described above.

Examples of the foreign oncogene may include oncogenes
derived from the mammalians. Examples of the mammalian
species may include humans, monkeys, cattle, swines, mice,
rats, guinea pigs, hamsters, and rabbits. The mammalian spe-
cies is preferably the human in terms of clinical application.

Examples of the foreign oncogene may include kinase
genes such as tyrosine kinase (receptor type, and non-recep-
tor type) and serine/threonine kinase genes, small G-protein
genes, and transcription factor genes, and the tyrosine kinase
gene is preferable. The tyrosine kinases capable of playing a
role in the proliferation of the cancer cell are the same as those
aforementioned in the inherent oncogene.

In one embodiment, the foreign oncogene can be the onco-
gene capable of transmitting the proliferation signal in the
signaling pathway of the molecule belonging to the EGFR
gene family. Such oncogenes are the same as those aforemen-
tioned in the inherent oncogene.

In another embodiment, the foreign oncogene can be the
oncogene capable of transmitting the proliferation signal in
the signaling pathway of the molecule belonging to the
PDGEFR gene family. Such oncogenes are the same as those
aforementioned in the inherent oncogene.

In still another embodiment, the inherent oncogene can be
the oncogene capable of transmitting the proliferation signal
in the signaling pathway of an ALK gene (e.g., an mutated
ALK gene such as EML4-ALK described later). Such onco-
genes are the same as those aforementioned in the inherent
oncogene.

In certain embodiments, the foreign oncogene can be the
mutated PDGFRa gene or the mutated ALK gene. Examples
of such a mutated gene may include the genes that the muta-
tion described above occurs. Representative examples of the
mutated PDGFRa gene that is the oncogene may include
genes having a point mutation in the PDGFRa gene (e.g.,
V561D, D842V). Representative examples of the mutated
ALK gene that is the oncogene may include ALK fusion
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genes and genes having the point mutation in the ALK gene.
Examples of the ALK fusion gene may include an EMI4-
ALK gene, an NPM-ALK gene,aTPM3-ALK gene, a TPM4-
ALK gene, an ATIC-ALK gene, a TFG-ALK gene, a CLTC-
ALK gene, an MSN-ALK gene, an MYH9-ALK gene, an
ALO17-ALK gene, a CARS-ALK gene, an RANBD2-ALK
gene, and an SFC31L.1-ALK gene. Various ALK variants are
known in the EML4-ALK gene. Examples of such a variant
may include variant 1, variant 2, variant 3 (e.g., 3a, 3b),
variant 4, variant 5 (e.g., Sa, 5b), variant 6, and variant 7 (see
e.g., J. Clin. Oncol., 2009 Sep. 10; 27(26): 4232-5)

The expression of the foreign oncogene can be accom-
plished by introducing into a cell an artificial expression
vector (e.g., plasmid, adenovirus, retrovirus) in which the
foreign oncogene has been incorporated together with a pro-
moter that induces the expression of that gene. The expression
can be transient expression or constitutive (i.e., stable)
expression. For example, the transient expression of the for-
eign oncogene can be accomplished by introducing the
expression vector for the foreign oncogene into the cancer
cell so as to initiate the expression of the oncogene in the
cancer cell. The constitutive expression of the foreign onco-
gene can be accomplished by introducing the expression vec-
tor for the foreign oncogene into the cancer cell and selecting
the cell in which the insert has been incorporated into the
genome.

The artificial cell of the present invention can have the
ability to proliferate depending on the foreign oncogene. As
used herein, the term “ability to proliferate depending on
a(the) foreign oncogene” concerning the artificial cell means
that the artificial cell expressing the foreign oncogene can
proliferate by the proliferation signal due to the foreign onco-
gene. Therefore, when the artificial cell expressing the for-
eign oncogene further expresses the inherent oncogene, it can
proliferate depending on the foreign oncogene even if the
expression or function of the inherent oncogene is inhibited.
Whether or not the artificial cell proliferates depending on the
foreign oncogene can be confirmed by, for example, evaluat-
ing whether or not the proliferation ability of the artificial cell
is reduced under a condition which inhibits an expression or
function of the foreign oncogene. In addition, whether or not
the artificial cell proliferates depending on the foreign onco-
gene can be confirmed by evaluating whether or not the pro-
liferation ability of the artificial cell can be retained under a
condition which inhibits the inherent oncogene.

The inhibition of the function of the foreign oncogene in
the artificial cell can be accomplished by an inhibitor of the
foreign oncogene. As used herein, the term “inhibitor of
a(the) foreign oncogene” means the substance capable of
inhibiting the proliferation of the cancer cell described above
by inhibiting the expression or function of mRNA or the
protein from the aforementioned foreign oncogene.

In one embodiment, examples of the inhibitor of the for-
eign oncogene may include antisense nucleic acids for
mRNA expressed from the foreign oncogene (e.g., DNA,
RNA, and artificial nucleic acids such as PNA), RNA inter-
ference inducible nucleic acids (e.g., siRNA: either double
stranded RNA or single stranded RNA having a stem loop
structure) and aptamers, and antibodies against the protein
expressed from the foreign oncogene (e.g., polyclonal anti-
bodies, monoclonal antibodies, chimera antibodies, human-
ized antibodies, human antibodies, single stranded antibodies
such as scFv), and expression vectors therefor. The inhibitor
of'the foreign oncogene can be a small compound. The inhibi-
tor of the foreign oncogene may also be the substance that
inhibits the cell proliferation by the cell death due to the
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apoptosis. Those skilled in the art can easily make such an
inhibitor by obtaining the information of the target gene (e.g.,
sequence information).

In another embodiment, the inhibitor of the foreign onco-
gene is a molecular targeting drug that targets an oncogene.
Examples of the molecular targeting drug may include those
described in the inhibitor of the inherent oncogene described
above.

The artificial cell of the present invention can retain an
ability to express the oncogene that is inherent to the cancer
cell and an ability to proliferate depending on the inherent
oncogene (an ability of the cancer cell which can be utilized
for establishing the artificial cell). As used herein, the term
“ability to proliferate depending on an(the) inherent onco-
gene” concerning the artificial cell means that the artificial
cell expressing the foreign oncogene and the inherent onco-
gene can proliferate by the proliferation signal due to the
inherent oncogene. Therefore, the artificial cell expressing
the foreign oncogene and the inherent oncogene can prolif-
erate depending on the inherent oncogene even when the
expression or function of the foreign oncogene is inhibited.
Whether or not the artificial cell proliferates depending on the
inherent oncogene can be confirmed by, for example, evalu-
ating whether or not the proliferation ability of the artificial
cell can be reduced under a condition which inhibits the
expression or function of the inherent oncogene. In addition,
whether or not the artificial cell proliferates depending on the
inherent oncogene can be confirmed by evaluating whether or
not the proliferation ability of the artificial cell can be retained
under a condition which inhibits the foreign oncogene.

It can be desired that the artificial cell of the present inven-
tion further mimics the natural cancer cell. Therefore, the
cancer cell, the inherent oncogene, and the foreign oncogene
may be derived from the same mammalian species. The can-
cer cell, the inherent oncogene, and the foreign oncogene are
preferably derived from the human in terms of clinical appli-
cation. However, the oncogene is derived from the virus in
some cases. Thus, the inherent oncogene and/or the foreign
oncogene may be derived from the virus.

The artificial cell of the present invention may express one
or more other foreign genes in addition to the foreign onco-
gene. Such a foreign gene may include activation factors of
the foreign oncogenes (e.g., secretory proteins such as EGF,
PDGF, and HGF).

The artificial cell of the present invention can be charac-
terized by following (A) and (B).

(A) An artificial cell expressing the foreign oncogene and the
inherent oncogene:

(Al) an artificial cell transiently expressing the foreign
oncogene and expressing the inherent oncogene (e.g., a can-
cer cell transfected with the expression vector for the foreign
oncogene); and

(A2) an artificial cell constitutively expressing the foreign
oncogene and expressing the inherent oncogene (e.g., a can-
cer cell incorporating the foreign oncogene into the genome)
(B) An artificial cell expressing the foreign oncogene and
incapable of expressing the inherent oncogene:

(B1) an artificial cell which transiently expresses the for-
eign oncogene and can not transiently express the inherent
oncogene (e.g., a cancer cell transfected with the expression
vector for the foreign oncogene, which is treated with the
inhibitor of the inherent oncogene);

(B2) an artificial cell which transiently expresses the for-
eign oncogene and can not constitutively express the inherent
oncogene (e.g., a cancer cell transfected with the expression
vector for the foreign oncogene, in which the inherent onco-
gene is disrupted);
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(B3) an artificial cell which constitutively expresses the
foreign oncogene and can not transiently express the inherent
oncogene (e.g., a cancer cell incorporating the foreign onco-
gene into the genome, which is treated with the inhibitor of
the inherent oncogene); and

(B4) an artificial cell which constitutively expresses the
foreign oncogene and can not constitutively express the
inherent oncogene (e.g., a cancer cell incorporating the for-
eign oncogene into the genome, in which the inherent onco-
gene is disrupted).

(2. Method for Establishing Artificial Cell)

The present invention provides a method for establishing
(i.e., method for producing) the artificial cell of the present
invention. The establishment method of the present invention
can comprise the following steps (a) to (¢):

(a) astep of treating a cancer cell with an expression vector
for a foreign oncogene;

(b) a step of culturing the cancer cell treated with the
expression vector under a condition which inhibits an expres-
sion or function of an oncogene that is inherent to the cancer
cell; and

(c) a step of obtaining the cancer cell which proliferates in
the step (b), as an artificial cell which expresses a foreign
oncogene, and has an ability to proliferate depending on the
foreign oncogene.

In the step (a) in the establishment method, the expression
vector for the foreign oncogene can be introduced into the
cancer cell by treating the cancer cell with the expression
vector for the foreign oncogene in a culture medium.
Examples of the treatment for introducing the expression
vector into the cancer cell may include an electroporation
method, a calcium phosphate method, and a liposome
method.

The culture medium can be prepared using a medium used
for culturing a mammalian cell as a basic medium. Examples
of the basic medium may include MEM medium, DMEM
medium, cMEM medium, HAM medium, RPMI 1640
medium, Fischer’s medium, and mixed media thereof. The
culture medium can contain, for example, serum (e.g., FCS),
serum replacement (e.g., KSR), fatty acids or lipids, amino
acids, vitamins, cytokines, antioxidants, 2-mercaptoethanol,
pyruvic acid, buffer, inorganic salts, and the like. Conditions
such as the number of cells and concentrations of various
factors in the cultivation can be determined appropriately.

The cancer cell can be obtained by publicly known meth-
ods. For example, the cancer cell can be isolated from the
mammalian species suffered from the cancer, and may be
obtained by establishing a cell line after the isolation. The
existing cell line can also be utilized as the cancer cell. Those
skilled in the art can identify an oncogene that is inherent to
the obtained cancer cell, and can easily determine whether or
not the cancer cell has an ability to proliferate depending on a
cell growth factor gene that is inherent to the cancer cell.

A promoter used in the expression vector is not particularly
limited as long as the promoter can work in a cell to which the
promoter is introduced, and examples thereof may include
virus promoters (e.g., an SV40 derived early promoter,
cytomegalovirus LTR, Rous sarcoma LTR, MoMuLV derived
LTR, adenovirus derived early promoter), structural gene
promoters derived from the mammalians (e.g., f-actin gene
promoter, PGK gene promoter, transferrin gene promoter).

The expression vector preferably comprises a transcription
termination signal (i.e., terminator region) downstream of an
oligo(poly)nucleotide encoding a nucleic acid molecule. Fur-
ther, the expression vector may comprise a gene resistant to a
drug (e.g., G418), but such a drug-resistant gene is essentially
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unnecessary in the establishment method of the present
invention, and thus, such a resistant gene need not be
included.

A basic vector of the expression vector used for introduc-
ing the foreign gene into the cancer cell can be, for example,
plasmids or virus vectors (e.g., vectors derived from viruses
such as adenovirus, retrovirus, adeno-associated virus, herpes
virus, vaccinia virus, poxvirus, poliovirus, sindbis virus, Sen-
dai virus and lentivirus).

In the step (b) in the establishment method, the cancer cell
that has acquired the dependency on the introduced foreign
oncogene can proliferate selectively by culturing the cancer
cell treated with the expression vector in the step (a) under the
condition which inhibits the expression or function of the
inherent oncogene. The condition which inhibits the expres-
sion or function of the inherent oncogene can be accom-
plished by culturing in the presence of the inhibitor of the
inherent oncogene (and in the absence of the inhibitor of the
foreign oncogene). Even when the expression vector contains
a gene resistant to a particular drug, this step can be carried
out in the absence of the drug. A culture temperature is, for
example, about 30 to 40° C. and preferably about 37° C. A
CO, concentration is, for example, about 1 to 10% and pref-
erably about 5%.

In the step (c) in the establishment method, the artificial
cell which expresses the foreign oncogene and has the ability
to proliferate depending on the foreign oncogene is obtained
by collecting the cell which has proliferated in the step (b).

The establishment method of the present invention may
further comprise a step of cloning the artificial cell obtained in
the step (c) in order to establish a cell line of the artificial cell.
The cloning of the artificial cell can be carried out by publicly
known methods such as a limiting dilution method.

The establishment method of the present invention may
further comprise a step of confirming the expression of the
foreign oncogene in the artificial cell and/or a step of con-
firming the ability to proliferate depending on the foreign
oncogene in the artificial cell. Such a step can be carried out
in the same manner as in the aforementioned method of
evaluating whether or not the cancer cell proliferates depend-
ing on the foreign oncogene.

The establishment method of the present invention may
also comprise a step of confirming whether or not the artificial
cell retains the ability to proliferate depending on the inherent
oncogene. Such a step can be carried out in the same manner
as in the aforementioned method of evaluating whether or not
the cancer cell proliferates depending on the inherent onco-
gene.

The establishment method of the present invention may
further comprise a step of treating the cancer cell that has
acquired the dependency on the introduced foreign oncogene
with the inhibitor of the inherent oncogene in order to estab-
lish the artificial cell as in (B1) and (B3) above. The estab-
lishment method of the present invention may further com-
prise a step of disrupting the inherent oncogene in the cancer
cell that has acquired the dependency on the introduced for-
eign oncogene in order to establish the artificial cell as in (B2)
and (B4) above. The cancer cell that has acquired the depen-
dency on the introduced foreign oncogene can proliferate
without requiring the inherent oncogene. The inherent onco-
gene can be disrupted by utilizing a gene knockout technol-
ogy using a targeting vector for the gene. The artificial cell in
which the inherent oncogene has been disrupted is useful for
developing a substance having an anti-cancer activity specific
for the foreign oncogene.

The establishment method of the present invention may
also comprise a step of providing a cancer cell to be used in
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the step (a). The step of providing the cancer cell may com-
prise obtaining the cancer cell, then identifying the inherent
oncogene expressed in the cancer cell, and confirming
whether or not the cancer cell proliferates depending on the
identified inherent oncogene. Meanwhile, when it has been
already demonstrated that the obtained cell has such a prop-
erty (e.g., the obtained cell is the characterized cancer cell),
the step of providing the cancer cell may comprise only
obtaining the cancer cell. The cancer cell can be isolated from
the mammalian species suffered from the cancer, and may be
obtained by establishing a cell line after the isolation. The
existing cell line can also be utilized as the cancer cell.

(3. Method of Screening Substance Having Anti-Cancer
Activity

The present invention provides a method of screening a
substance having an anti-cancer activity. The screening
method of the present invention can comprise the following
steps (a) and (b):

(a) a step of evaluating whether or not a test substance
inhibits a proliferation of the artificial cell; and

(b) a step of selecting the test substance that inhibits the
proliferation of the artificial cell as the substance having the
anti-cancer activity.

In the step (a) in the screening method, the evaluation can
be carried out by culturing the artificial cell in the presence of
the test substance, and then determining whether or not the
test substance inhibits the proliferation of the artificial cell.
The culture medium and the culture condition are the same as
those described in the establishment method of the present
invention. Whether or not the test substance inhibits the pro-
liferation ofthe artificial cell can be determined by comparing
the number of cells cultured in the presence of the test sub-
stance with the number of cells cultured in the absence of the
test substance. The determination can also be carried out by
measuring an indicator of cell proliferation (e.g., activity of
certain protein, amount of phosphorylated protein). The
determination may also be carried out based on whether or not
the test substance can induce the apoptosis.

The test substance can be any compound, and examples
thereof may include a small compound, a compound library
made using combinatorial chemistry technique, a nucleic
acid (e.g., nucleoside, oligonucleotide, polynucleotide), a
saccharide (e.g., monosaccharide, disaccharide, oligosaccha-
ride, polysaccharide), a lipid (e.g., saturated or unsaturated
straight, branched and/or cyclic fatty acid), an amino acid, a
protein (e.g., oligopeptide, polypeptide), a random peptide
library made by a solid phase synthesis or a phage display
method, or a natural component derived from a microorgan-
ism, a plant/animal or a marine organism.

The test substance can also be a mutant of a tumor (cancer)
suppressor gene. In this case, an expression vector for the
mutant of the tumor suppressor gene can be introduced into
the artificial cell. A mutation capable of losing a function of
the tumor suppressor gene can be identified by evaluating
whether or not the mutant of the tumor suppressor gene inhib-
its the proliferation of the artificial cell.

The step (a) may be carried out under the condition which
inhibits the expression or function of the inherent oncogene.
The condition which inhibits the expression or function of the
inherent oncogene can be accomplished by culturing the cell
in the presence of the inhibitor of the inherent oncogene. In
terms of screening the substance having the anti-cancer activ-
ity specific for the foreign oncogene, it is preferable that the
step (a) is carried out in the presence of the inhibitor of the
inherent oncogene and in the absence of the inhibitor of the
foreign oncogene. Even when the expression vector used for
establishing the artificial cell ofthe present invention contains
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adrugresistant gene for a certain drug, this step can be carried
out in the absence of such a drug.

In the step (b) in the screening method, the test substance
that inhibits the proliferation of the artificial cell is selected as
the substance having the anti-cancer activity. For example,
when the number of cells cultured in the presence of the test
substance is smaller than the number of cells cultured in the
absence of the test substance, the test substance is selected as
the substance having the anti-cancer activity. The test sub-
stance that inhibits the proliferation of the artificial cell may
also be selected based on the indicator of cell proliferation
(e.g., activity of certain protein, amount of phosphorylated
protein) or the induction of apoptosis.

(4. Method for Identifying Oncogene)

The present invention provides a method for identifying an
oncogene. The identification method of the present invention
can comprise the following steps (a) to (¢):

(a) astep of treating a cancer cell with an expression vector
for a test gene;

(b) a step of culturing the cancer cell treated with the
expression vector under a condition which inhibits the
expression or function of an oncogene that is inherent to the
cancer cell; and

(c) a step of confirming whether or not the cancer cell
cultured in the step (b) proliferates depending on the test
gene.

In the step (a) in the identification method, the expression
vector for the test gene can be introduced into the cancer cell
by treating the aforementioned cancer cell with the expres-
sion vector for the test gene in the culture medium. Examples
of'the treatment for introducing the expression vector into the
cancer cell may include an electroporation method, a calcium
phosphate method, and a liposome method. The cancer cell,
the expression vector, and the culture medium used in this
step are the same as those described in the step (a) in the
establishment method of the present invention.

The test gene is not particularly limited as long as it is any
gene derived from the mammalian species or a pathogen (e.g.,
virus) that can cause the cancer. Examples of the test gene
may include an overexpressed gene or a mutated gene found
in the cancer cell. According to the identification method of
the present invention, it can be determined that such an over-
expressed gene or mutated gene is only resulted from can-
ceration of the cancer cell or is a causal factor (i.e., oncogene)
for the canceration.

The test gene can be a single gene or a plurality of genes. A
gene library containing many genes may be used as a plurality
of genes. An example of the gene library is a cDNA library
prepared from a cultured cancer cell or prepared from a can-
cer tissue sample from a patient with cancer. Another example
of'the gene library is a cDNA library prepared from a stem cell
or a germ cell or a normal cell.

In the step (b) in the identification method, the cancer cell
that has acquired the dependency on the introduced test gene
can proliferate selectively when the test gene is the oncogene
by culturing the cancer cell treated with the expression vector
in the step (a) under the condition which inhibits the expres-
sion or function of the inherent oncogene. The condition
which inhibits the expression or function of the inherent
oncogene can be accomplished by culturing in the presence of
the inhibitor of the inherent oncogene. The culture condition
is the same as that described in the step (b) in the establish-
ment method of the present invention. Even when the expres-
sion vector capable of being involved in establishing the
artificial cell of the present invention contains a drug resistant
gene for a certain drug, this step can be carried out in the
absence of the drug.
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In the step (c) in the identification method, it is confirmed
whether or not the cancer cell cultured in the step (b) prolif-
erates depending on the test gene. Specifically, when the test
gene is a single gene and the proliferation of the cancer cell is
confirmed, it can be identified that the test gene is the onco-
gene. Also when the test gene is a plurality of genes (e.g., gene
library) and the proliferation of the cancer cell is confirmed, it
can be determined that the oncogene is included in the plu-
rality of genes.

When the test gene is a plurality of genes and the prolif-
eration of the cancer cell is confirmed, in order to identify the
oncogene included in the plurality of genes, the identification
method of the present invention may further comprise the
following steps:

(d) a step of cloning the proliferated cancer cell; and

(e) a step of identifying the test gene introduced into the
cloned cancer cell as the oncogene.

In the step (d) in the identification method, the cancer cell
introduced with the test gene that is the oncogene is cloned.
The cloning can be carried out in the same manner as in the
cloning of the artificial cell described above.

In the step (e) in the identification method, the test gene
introduced into the cloned cancer cell is identified as the
oncogene. For example, the test gene introduced into the
cancer cell can be identified by amplifying (e.g., by PCR)
DNA encoding the oncogene utilizing nucleotide sequences
of flanking sites in a homologous recombinant unit (including
the test gene, and flanking sites present in 5' and 3' sides to the
test gene and derived from the expression vector) of the
expression vector used, and then determining a nucleotide
sequence of the amplified DNA. The test gene can also be
identified by expression analysis using DNA chips and the
like.

When the test gene is a plurality of genes, the identification
method of the present invention may further comprise the
following steps:

() a step of obtaining the test gene that is introduced into
the cancer cell that proliferates in the step (¢) from the cancer
cell; and

(g) a step of cloning the obtained test gene for identifying
the obtained test gene as the oncogene.

In the step (f) in the identification method, the test gene
introduced into the cancer cell is obtained as a DNA fragment
from the proliferated cancer cell. For example, the test gene
introduced into the cancer cell can be obtained by amplifying
(e.g., by PCR) DNA encoding the oncogene using the nucle-
otide sequences of the flanking site in the homologous recom-
binant unit (including the test gene, and flanking sites present
in 5' and 3' sides to the test gene and derived from the expres-
sion vector) of the expression vector used.

Inthe step (g) in the identification method, the obtained test
gene is cloned for identifying the oncogene. The test gene can
be cloned by, for example, incorporating a DNA fragment of
the test gene obtained in the step (f) into a plasmid which can
be replicated in E. coli, introducing the plasmid in which the
test gene has been incorporated into E. coli, and then cloning
E. coli in which the plasmid has been introduced. The onco-
gene can be identified by, for example, collecting the plasmid
from cloned E. coli, amplifying (e.g., by PCR) DNA encod-
ing the oncogene incorporated into the plasmid, and then
determining the nucleotide sequence of the amplified DNA.

EXAMPLES

The present invention will be described in detail with ref-
erence to following Examples, but the present invention is not
limited thereto.
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Example 1

PC-9 cell (a cell line derived from human non-small cell
lung cancer (pulmonary adenocarcinoma)) expresses
mutated EGFR that is an oncogene. In the PC-9 cell, cell
death due to apoptosis is induced by gefitinib that is an inhibi-
tor of EGFR, resulting in inhibition of proliferation of the cell.
PC-9 cells were transfected with a plasmid pcDNA3.1(-) in
which another oncogene EML4-ALK variant 3a (see J Clin
Oncol., 2009, Sep. 10; 27(26): 4232-5) and a G418 resistant
gene had been incorporated, using transfection reagents. Sub-
sequently, the cells transfected with the plasmid were selec-
tively cultured in a G418-containing medium (1 mg/mL of
G418) or a gefitinib-containing medium (1 uM gefitinib)
prepared from RPMI 1640 medium supplemented with 10%
fetal calf serum and an antibiotic kanamycin at 37° C. for
three weeks. A cell extract from the cells that had proliferated
in each medium was developed on SDS-PAGE, transferred
onto a PVDF membrane, and subjected to western blotting
using a monoclonal antibody against ALK. As a result, the
expression of EML4-ALK variant 3a was not observed in the
extract of cells selected in the G418-containing medium, but
was observed in the extract of the cells selected in the gefi-
tinib-containing medium (FIG. 1). These results indicate that
the cell made by introducing the oncogene EML4-ALK vari-
ant 3a into the cell line PC-9 can proliferates under the con-
dition which inhibits the oncogene (mutated EGFR that is the
oncogene) that is inherent to this cell.

Example 2

The cells selectively proliferated in the gefitinib-contain-
ing medium in Example 1 were seeded in a 96-well plate in a
limiting dilution manner. Cells proliferated as a clone in the
gefitinib-containing medium were selected, and a cell extract
from each clone was subjected to the western blotting using
the monoclonal antibody against ALK. As a result, the expres-
sion of EML4-ALK variant 3a was confirmed in the cell
extracts from all of 10 clones obtained (FIG. 2). This indicates
that this methodology is very excellent in efficiency for estab-
lishing an oncogene-expressing cell.

Example 3

The same experiment as in Example 1 was carried out
using the gefitinib sensitive cell HCC827 (a cell line derived
from human non-small cell lung cancer (pulmonary adeno-
carcinoma)) other than PC-9 cell to establish EML4-ALK
variant 3a gene-introduced cells. EML4-AL K variant 1 gene
(J Clin Oncol., 2009, Sep. 10; 27(26): 4232-5), another vari-
ant different from EMIL4-ALK variant 3a was introduced into
PC-9 cells in the same manner to establish expression cells.
Cell extracts were subjected to SDS-PAGE, transferred onto
the PVDF membrane, and subjected to the western blotting
using the anti-ALK antibody. As a result, each objective gene
product was observed (FIG. 3). These results indicate that any
mutated ALK gene can complement the proliferation of any
cancer cell.

Example 4

The same experiment as in Example 1 was carried out
using the PC-9 cell to establish cells introduced with the
oncogene, PDGFRa V561D gene (Science 299 (5607), 708-
10 (2003)) other than the EMI4-ALK gene. Cell extracts
were subjected to SDS-PAGE, transferred onto the PVDF
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membrane, and subjected to the western blotting using an
anti-PDGFRa antibody. As a result, objective gene products
were observed (FIG. 4).

Example 5

PC-9 cells or cells obtained by introducing the oncogene,
the PDGFRa. V561D gene into PC-9 cells in Example 4 were
seeded in a 96-well plate. The cells were cultured for 72 hours
in medium containing gefitinib at various concentrations, and
then living cells were quantified by an MTS assay. As aresult,
the proliferation of PC-9 cells was inhibited by gefitinib in a
dose dependent manner, but the proliferation of the PDGFRa
V561D gene-introduced cells was not inhibited (FIG. 5). This
result indicates that PDGFRa V561D can complement
mutated EGFR-dependent proliferation of PC-9 cells. In view
of'the results in Examples 1 to 4, this result also indicates that
any foreign oncogene can complement the proliferation of
any cancer cells.

Example 6

The cells obtained by introducing the PDGFRa V561D
gene into PC-9 cells in Example 4 were seeded in a 96-well
plate. The cells were cultured in medium containing a PDG-
FRe. inhibitor, imatinib at various concentrations or medium
containing 1 uM gefitinib and imatinib at various concentra-
tions for 72 hours, and then living cells were quantified by the
MTS assay.

As a result, it was confirmed that the proliferation of the
PDGFRa V561D gene-introduced cells was inhibited by the
PDGFRa inhibitor, imatinib in a dose dependent manner in
the presence of 1 uM gefitinib (FIG. 6). This result indicates
that a proliferation ability of the cell line PC-9 expressing
PDGFRa V561D that is a foreign oncogene depends on a
functional level of the oncogene.

It was also confirmed that the proliferation of the PDGFRa
V561D gene-introduced cells was inhibited in the presence of
1 uM gefitinib (FIG. 6). This result indicates that the cancer
cell (PC-9 cell) retains an ability to express the inherent
oncogene (mutated EGFR) and an ability to proliferate
depending on the inherent oncogene.

Further this result indicates that the mutated EGFR gene
(inherent oncogene) and the PDGFRa V561D gene (foreign
oncogene) can act in a mutually complementary manner.
Therefore, it was shown that the oncogene that works as the
inherent oncogene can also work as the foreign oncogene as
well as the oncogene that works as the foreign oncogene can
also work as the inherent oncogene.

Example 7

Inplace of a plasmid which expresses the known oncogene,
a gene library, SuperScript Human Stem Cell cDNA Library
(supplied from Invitrogen) composed of a group of plasmids
capable of expressing genes derived from a human embryonic
stem cell was introduced into PC-9 cells in the same proce-
dure as in Example 1. The cells transfected with the plasmid
were cultured in the gefitinib (1 pM gefitinib)-containing
medium prepared from RPMI 1640 medium supplemented
with 10% fetal calf serum and an antibiotic kanamycin at 37°
C. for three weeks. Total RNA was extracted from the cells
selectively proliferated in the gefitinib-containing medium
using an RNA purification kit (supplied from Qiagen), and a
first strand cDNA was synthesized using the extracted total
RNA as a template and using oligo (dT) 20 primer and a
reverse transcriptase SuperScript III. The gene introduced
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into the proliferated PC-9 cells was amplified by PCR using
anaTTB1 sequence which is a sequence commonly present in
the group of the plasmids that compose the above gene library
and is located in a proximity of the region upstream from the
5'end of the gene inserted into the plasmid and derived from
the human embryonic stem cell as a sense primer (aTTB1
primer), an aTTB2 sequence located in the proximity of the
region downstream from the 3' end of the gene derived from
human embryonic stem cell as an antisense primer (aTTB2
primer), and the synthesized first strand cDNA as the tem-
plate. The amplified gene was inserted into pGEM-T plasmid
(supplied from Promega) by TA cloning, and E. col/i DH5a
was transformed with this gene-inserted plasmid. The trans-
formed DHS5o was seeded on an LB agar plate containing
ampicillin, and incubated at 37° C. for a whole day and night.
A clone that had formed a colony on the agar plate was
cultured in 1 mL of an LB liquid medium containing ampi-
cillin. The grown E. coli clone was collected and the plasmid
was collected by plasmid Miniprep Kit (supplied from
Qiagen). The collected plasmid was amplified by PCR using
the aTTB1 primer and the aTTB2 primer as the template.
Concerning the clone in which the amplified gene was iden-
tified by agarose gel electrophoresis (parts of results are
shown in FIG. 7), a DNA sequence inserted into pGEM-T
plasmid was analyzed using the collected plasmid as the
template and using the sequences, T7 and Sp6 sites derived
from pGEM-T as the primers. As a result, 6 genes were found
as full length coding sequences (CDS) derived from the gene
library which were determined as genetic sequences which
could be amplified by the aTTB1 primer and the aTTB2
primer and present between them. These genes appear to be
candidates of novel oncogenes capable of complementing the
mutated EGFR dependent proliferation in PC-9 cells.

INDUSTRIAL APPLICABILITY

The present invention is useful for the development of the
anti-cancer drugs, and the like.

The invention claimed is:

1. A method for determining whether a test gene is an

oncogene, comprising:

(a) transfecting a non-small cell lung cancer (NSCLC) cell
line in a culture medium with an expression vector
encoding at least one test gene, wherein the transfected
NSCLC cell line expresses the test gene;

(b) culturing the transfected NSCLC cell line under a con-
dition which inhibits an expression or function of an
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EGFR oncogene or a PDGFRa oncogene that is (1)
inherent to the NSCLC cell line and (2) required for
proliferation of the NSCLC cell line; and

(c) confirming whether or not the cultured NSCLC cell line
proliferates,

wherein when the cultured NSCLC cell line proliferates
the test gene is determined to be a an oncogene and
wherein when the cultured NSCLC cell line does not
proliferate the test gene is determined not to be an onco-
gene.

2. The method of claim 1, wherein a single test gene is

encoded by the expression vector.

3. The method of claim 1, wherein the method further
comprises:

(d) cloning a NSCLC cell line that proliferates in (c); and

(e) identifying a test gene that is introduced into the cloned
NSCLC cell line as an the oncogene.

4. The method of claim 1, wherein the method further

comprises:

() obtaining a test gene that is introduced into the NSCL.C
cell line that proliferates in (c) from the NSCLC cell line;
and

(g) cloning the obtained test gene for identifying the
obtained test gene as an oncogene.

5. The method of claim 1, wherein the transfected NSCLC
cell line retains an ability to express an oncogene that is
inherent to the NSCLC cell line in (a) and an ability to pro-
liferate depending on an inherent oncogene.

6. The method of claim 1, wherein the NSCLC cell line in
(a) is derived from a human.

7. The method of claim 1, wherein the test gene is a trans-
fected tyrosine kinase gene.

8. The method of claim 1, wherein the expression or func-
tion of the oncogene inherent to the NSCLC cell line is
inhibited with at least one member selected from the group
consisting of antisense nucleic acids for mRNA expressed
from the inherent EGFR oncogene or PDGFRa oncogene,
RNA interference inducible nucleic acids and aptamers, anti-
bodies against the protein expressed from the inherent EGFR
oncogene or PDGFRa oncogene, and a molecular targeting
drug that targets the inherent EGFR oncogene or PDGFRa
oncogene.

9. The method of claim 1, wherein the test gene is a mutant
of a tumor suppressor gene.

10. The method of claim 1, wherein the NSCLC cell line is
PC-9 cell.



